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073 06US DEVICE AND METHOD FOR MEASURING THE FLOW AND AT LEAST ONE 
MATERIAL PARAMETER OF A FLUID 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 

This application claims the priority of Swiss 
patent application 2001/02, filed November 27, 2002, the dis- 
closure of which is incorporated herein by reference in its 
entirety. 

10 

BACKGROUND OF THE INVENTION 


15 The invention relates to a device and method for 

measuring the flow and at least one material parameter of a 
fluid, such as a composition of the fluid, as well as an ap- 
paratus for mixing fluids. 

WO 01/18500 describes a device where the thermal 

2 0 conductivity and the mass flow of a gas are measured. It com- 
prises^ on the one hand, a conventional thermal flow sensor 
with a heating and two temperature detectors arranged symmet- 
rically thereto, which is arranged in the flowing gas, and, 
on the other hand, an identically designed reference sensor 

25 arranged in a non-flowing section of the gas. Such a device 
allows a more accurate determination of the flow because the 
thermal conductivity of the gas can be determined more accu- 
rately by means of the reference sensor, which can be used 
for a correction of the flow value. 

30 

BRIEF SUMMARY OF THE INVENTION 
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It is a general object of the invention to im- 
prove this type of device and method, in particular by sim- 
plifying device design and/or increasing accuracy. 

Now, in order to implement this and still further 
5 objects of the invention, which will become more readily ap- 
parent as the description proceeds, the device is manifested 
by the features that it is adapted for measuring the flow m 
and at least one material parameter k of a fluid, wherein the 
material parameter k depends on a thermal conductivity of the 
10 fluid, wherein the device comprises 

a heating for generating, in said fluid, a region 
having non-homogeneous temperature, 

several sensors for determining -at least two 
measured quantities tl, t2 depending on fluid temperatures in 
15 a range of influence of the heating, wherein the measured 
quantities are different functions tl = f 1 (m, k) and t2 = 
f 2 (m, k) of the flow m and the material parameter k, and 

a processing circuit for determining the flow m 
and the material parameter k from the measured quantities tl, 
20 t2. 

In another aspect, the invention is directed to a 
method for measuring a flow m of a fluid and a material pa- 
rameter k depending on a composition of the fluid, said 
method comprising the steps of 
25 bringing said fluid into contact with a heating 

for generating a region having non-homogeneous temperature in 
said fluid, 

determining at least two measured quantities tl, 
t2 depending on fluid temperatures in a range of influence of 
30 the heating, wherein the measured quantities are different 
functions tl = f 1 (m, k) and t2 = f 2 (m, k) of the flow m and 
the material parameter k, and 
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determining the flow m and the material parameter 
k from the measured quantities tl, t2 . 

This type of technology can be applied to deter- 
mining a mixing ratio or composition of a fluid. Hence, in a 
5 further aspect of the invention, it is an object to provide a 
means for monitoring and/or controlling mixed fluids. 

In this aspect of the invention, an apparatus is 
provided for mixing at least two fluids with different ther- 
mal conductivity and comprising at least one device for meas- 
10 uring a mixing ratio k of the two fluids and a flow m of the 
mixed fluids, said device comprising 

a heating for generating, in said fluid, a region 
having non-homogeneous temperature, 

several sensors for determining at least two 
15 measured quantities tl, t2 depending on fluid temperatures in 
a range of influence of the heating, wherein the measured 
quantities are different functions tl =. f 1 (m, k) and t2 = 
f 2 (m, k) of the flow m and the mixing ratio k, and 

a processing circuit for determining the flow m 

2 0 and the mixing ratio k from the measured quantities tl, t2 . 

The device according to the invention can be de- 
signed such that it determines at least two measured quanti- 
ties tl, t2, which depend on temperatures in the range of in- 
fluence of the heating. These two measured quantities are 
25 chosen such that they are different functions fl(v, k) and 

f 2 (v, k) , both depending on the flow m and a material parame- 
ter k. The material parameter k is a parameter depending on 
the thermal conductivity of the fluid. The two different 
functions f 1 (m, k) and f 2 (m, k) can be set equal to the meas- 

3 0 ured quantities tl, t2 , thereby forming a system of equations 

that allows the determination of the flow m and the material 
parameter k. 
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Due to this design, all measurements can be car- 
ried out with the same heating, while only two measured quan- 
tities have to be determined. If is, however, possible to de- 
termine a larger number of measured quantities, such as more 
5 than two temperature values at different points near the 

heating, if a higher accuracy is desired or more than one ma- 
terial parameter k is to be determined, e.g. the thermal con- 
ductivity as well as the heat capacity. 

The device and method according to the invention 
10 can e.g. be used for measuring the composition of a fluid. It 
can e.g. be applied in an apparatus for mixing at least two 
fluids having different thermal conductivities. In this case, 
the parameter k is the mixing ratio of the fluids and can., 
e.g. be used for monitoring or regulating the mixing ratio. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be better understood and ob- 
20 jects other than those set forth above will become apparent 
when consideration is given to the following detailed de- 
scription thereof. Such description makes reference to the 
annexed drawings, wherein: 

Figure 1 is a partially sectional view of a re- 
25 gion of the heating and the corresponding temperature detec- 
tors of an advantageous embodiment of the invention, 

Figure 2 is a top view of the sensor of Fig. 1, 
Figure 3 shows typical measurements for gas mix- 
tures with different mixing ratio (axis values in arbitrary 
30 units) , 

Figure 4 shows an apparatus for mixing two flu- 
ids, and 
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Figure 5 shows an apparatus for mixing three flu- 
ids . 


5 DETAILED DESCRIPTION OF THE INVENTION 

In an advantageous embodiment of the invention, a 
sensor 1 such as shown in Fig. 1 and 2 is used. The basic 
principle of operation of such a sensor is disclosed in WO 

10 01/98736. As described in WO 01/98736, the sensor can be used 
for measuring the flow velocity m, or - more precisely - the 
mass flow, of a fluid, e.g. of a gas or a liquid. 

-The sensor is integrated on -a silicon chip 2, -in 
which an opening or recess 3 has been etched out. The opening 

15 or recess 3 is spanned by a membrane 4 made of a dielectric. 
A resistive heating 5 is arranged on membrane 4. Two thermo- 
piles to be used as temperature detectors 6, 7 are arranged 
symmetrically to heating 5. The temperature detectors 6, 7 
and heating 5 are arranged such in the flow direction 8 of 

2 0 the fluid that the fluid first passes first temperature de- 
tector 6, then heating 5 and finally second temperature de- 
tector 7 . 

Heating 5 generates an region of non-homogeneous 
temperature distribution in the fluid. This temperature dis- 

25 tribution changes depending on the flow and on the thermal 

conductivity of the fluid. The two temperature detectors 6, 7 
are arranged in the region of the non-homogeneous temperature 
distribution and can therefore register changes therein. 

As can be seen from Fig. 2, a processing circuit 

30 10 as well as a fluid temperature detector 11 are arranged on 
semiconductor chip 2. The function of processing circuit 10 
is described below. Fluid temperature detector 11 serves to 
measure the temperature of the fluid and/or of the semicon- 
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ductor chip 2, e.g. in order to convert the relative measure- 
ment of the thermopiles into absolute temperature values or, 
as described below, in order to correct the measured results. 
It is arranged outside the range of influence of heating 5. 
5 At least the part of sensor 1 at the upper end of 

Fig. 2 with heating 5 and the temperature detectors 6, 7 and 
11 is in thermal contact with a duct 12 holding the fluid. 
Sensor 1 can be arranged within duct 12 or at an outer wall 
thereof, wherein heating 5 and the temperature detectors 6, 7 

10 and 11 must be in thermal contact with the fluid. 

Two measured quantities tl and t2 are determined 
by means of the temperature detectors 6 and 7 . Measured quan- 
tity tl corresponds to the. difference between the tempera- 
tures Tl and T2 between the temperature detectors 6 and 7,; 

15 i.e. the difference of temperature between the locations of 
the inner contact rows 6a, 7a of the temperature detectors. 
Measured quantity t2 corresponds to the ..temperature T2 at the 
location of inner contact row 7a of temperature detector 7 . 
after heating 5, i.e. of the downstream temperature detector. 

2 0 The measured quantities tl and t2 depend in dif- 

ferent manner from the mass flow m and the thermal conductiv- 
ity X of the fluid, i.e. we have 

tl = fl(m, k) and (la) 
25 t2 = f2 (m, k) , (lb) 

wherein k is the material parameter to be measured, i.e. 

k = X f (2) 


30 


and fl, f2 are two different functions. The measurement of 
the measured quantities tl and t2 defines the system of equa- 
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tions (la), (lb) and allows the determination of the quanti- 
ties m and k. 

Advantageously, the function tl = f 1 (m, k) is de- 
termined by means of calibration measurements and stored in a 
table. For f 2 , we have, in approximation, 

T2 = t2 = f2(m, k) = g2(tl(m, k) ) + h2 (X) (3) 
= [ (cl- (l-exp(c2 ■ tl (m, k) ) ] + [c3 + c4-X], 


10 


15 


20 


wherein the parameters cl through c4 can be determined from 
calibration measurements . 

In the above equations, the material parameter k 
to be measured is assumed to be the thermal conductivity X of 
the fluid. The material parameter k can, however, also be any 
other quantity that can be derived from the thermal conduc- 
tivity of the fluid. If, for example, the fluid is a mixture 
of two components Kl and K2 with thermal conductivities X^ 
and X 2 , the system of equations (la), (lb) allows the deter- 
mination of the mixing ratio or of the amount k of the first 
component in the mixture. In that case, the thermal conduc- 
tivity is approximately given by 


A = 


mit 


Yl ' 4l + Y2 ' h 


Yl + Y2 • A 12 Y2 + yl • A 21 


1 + iVj 2 • (%f 


A 12 = 


H + {%))) 


und 

\ Y2 


(4) 
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wherein and Y2 are the molar masses of the two fluids. 

By using (4) in equation (3), we again obtain a 
system of equations (al) , (lb) , from which the material pa- 
5 rameter k (or y]_/y2) can be determined. 

Fig. 3 illustrates the method in terms of a spe- 
cific application. It shows the measured quantity t2 (the 
temperature at the temperature detector after the heating) as 
a function of the measured quantity tl (temperature differ- 
10 ence between the two temperature detectors) for measurements 
with a mixture of nitrogen (N) and laughing gas (N2O) , 
wherein the bottom most curve corresponds to pure nitrogen 
and the topmost curve to pure laughing gas. Each curve corre-. 
sponds to measurements on a single mixture at several flow 
15 velocities. 

As can be seen from Fig. 3, the knowledge of the 
values tl and t2 allows an unambiguous selection of the cor- 
responding curve and the corresponding mixing ratio or the 
corresponding thermal conductivity if a sufficient number of 
20 calibration curves as shown in Fig. 3 is available. In addi- 
tion to this, the mass flow can be determined from the value 
tl and/or the value t2 , e.g. again using suitable calibration 
curves . 

Instead of using a tabulated set of curves as 
25 shown in Fig. 3, it is also possible to solve the system of 
equations (1) directly. Corresponding numerical methods of 
computation are known to the person skilled in the art. 

For even more accurate calculations, the tempera- 
ture measured by fluid temperature detector 11 (Fig. 2) can 
30 be taken into account. As a rule, the functions fl and f2 de- 
pend on the environmental temperature or the fluid tempera- 
ture, which can be determined by fluid temperature detector 
11, such that, if the temperature of detector 11 is taken 
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into account, the accuracy of the determined flow m and/or 
the determined material parameter k can be improved. 

The processing circuit for solving the systems of 
equation (1) and (3) can be partially or fully implemented on 
5 silicon chip 2. In particular, equation (la) can be solved 
directly on the silicon chip. 

The method described here can be generalized in 
various ways . 

For example, instead of tl = Tl - T2 and t2 = T2 , 
10 the quantities tl and t2 can depend in other manner from the 
temperatures Tl and T2 . 

For example, measured quantity t2 can also corre- 
spond to temperature T2 of upstream temperature detector 6 
even though a measurement with downstream temperature detec- 
15 tor 7 generates more accurate results for most flow veloci- 
ties. 

Measured quantity tl can also correspond to the 
temperature of upstream temperature detector 6 instead of 
corresponding to the temperature difference between the de- 
2 0 tectors. In this case, function fl has to be modified accord- 
ingly. 

It is also possible to place more than two tem- 
perature detectors into the region of influence of heating 5, 
the signals of which can be converted individually or in com- 

25 bination to further measured quantities t3 , t4 etc. This 
makes the system of equations (1) correspondingly larger, 
which allows to determine further unknowns or to determine 
the mass flow and the material parameter k more accurately by 
means of the calculus of observations. 

30 It is also possible to integrate a temperature 

detector directly into heating 5 by measuring its electric 
resistance. Further, it is possible to control the heating 
power in a closed loop in such a manner that the value of one 
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of the measured quantities is kept constant, and to use the 
heating power instead of the controlled measured quantity for 
evaluation. 

A preferred application of the invention is shown 
5 in Fig. 4, which shows an apparatus for measuring two fluids 
Fl, F2 . The apparatus comprises a mixing unit 20 for mixing 
the two fluids. The fluids have different thermal conductiv- 
ity. A sensor 1 is arranged after mixing unit 20. Sensor 1 
measures the mixing ratio between the two fluids using to the 

10 techniques described above, and feeds the result to a control 
unit 21. The mixing ratio measured in this way can be used 
for monitoring the mixing process and for issuing an alert if 
the mixing ratio passes above or below acceptable limits. It 
is also possible to control the mixing ratio in a closed loop 

15 if control unit 21 uses the measured mixing ratio for con- 
trolling mixer 20. Furthermore, not only the mixing ratio can 
be monitored or controlled, but also the flow rate of the 
mixture. In this case, the measured mixing ratio and the 
measured mass flow are used to control the mass flows before 

20 mixing unit 20. 

Sensor 1 even allows to measure the mixing ratio 
(and mass flows) or more than two fluids if they have suffi- 
ciently different thermal conductivities. For this purpose, 
the device of Fig. 5 can be used. Here, a first and a second 

25 fluid are fed to a first mixing unit 20. The first mixture 
generated in this way is fed to a second mixing unit 22, 
where it is mixed with a third fluid. A first sensor 1 is, as 
seen in the direction of flow, arranged between first mixing 
unit 20 and second mixing unit 22 and measures the mixing ra- 

30 tio between the first and the second fluid. A second sensor 1 
is arranged after second mixing unit 2 2 and measures the mix- 
ing ratio between the first mixture and the third fluid, from 
which the mixing ratio of all fluids can be determined. 
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In an advantageous application, the device ac- 
cording to the invention can be used to monitor the composi- 
tion of a mixture fed to a burner or a fuel cell. Measured 
quantity k can in that case be used for controlling the 
burner or the fuel cell, respectively. It can also be used 
for calculating the heating value, e.g. for calculating a fee 
for consumed fuel . 

The device can also be used for monitoring a 
burner or a fuel cell. When used for fuel cells using hydro- 
gen and oxygen, the device can e.g. be used for interrupting 
a fluid feed when the gas mixture achieves a critical mixing 
ratio at which there is a danger of explosions. 

Devices and apparatus of the described type can 
also be used in anaesthetic equipment and artificial respira- 
tion equipment where the ratio between different gases, such 
as oxygen and laughing gas, has to be determined or con- 
trolled. 

The described sensor can also be used for measur- 
ing the material parameter k of a fluid in rest. 

While there are shown and described advantageous 
embodiments of the invention, it is to be distinctly under- 
stood that the invention is not limited thereto but may be 
otherwise variously embodied and practised within the scope 
of the following claims. 
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